ABSTRACT -Here, we document 308 species of marine fl ora from the Kimberley region of Western Australia based on collections held in the Western Australian Herbarium and on reports on marine biodiversity surveys to the region. Included are 12 species of seagrasses, 18 species of mangrove and 278 species of marine algae. Seagrasses and mangroves in the region have been comparatively well surveyed and their taxonomy is stable, so it is unlikely that further species will be recorded. However, the marine algae have been collected and documented only more recently and it is estimated that further surveys will increase the number of recorded species to over 400. The bulk of the marine fl ora comprised widespread Indo-West Pacifi c species, but there were also many endemic species with more endemics reported from the inshore areas than the offshore atolls. This number also will increase with the description of new species from the region. Collecting across the region has been highly variable due to the remote location, logistical diffi culties and resource limitations. Consequently, large portions of the region remain inadequately sampled, and within the Western Australian Herbarium collections much material awaits identifi cation.
INTRODUCTION
Baseline marine biodiversity information to i n for m con s er vat ion a nd e nv i ron me nt a l management decisions (Pyke and Ehrlich 2010) is particularly important in the Kimberley region of Australia as it is not only an area of great conservation value, but also of extensive developments in oil and gas, and fishing and aquaculture (Department of Environment and Conservation 2009).
Australian natural science institutions, including the Western Australian Museum (WAM) have undertaken marine biodiversity surveys of the species in the Kimberley Project Area (see Methods). However, much of the data are not readily accessible, being either unpublished or in specialist taxonomic literature, so WAM initiated a data compilation of all marine organisms that will assess the state of marine biodiversity knowledge.
MARINE FLORA
This contribution deals with historical collections of the marine benthic flora of the Kimberley Project Area. This group includes all attached photosynthetic organisms ('plants' in the broad sense) and is comprised of submerged seagrasses and macroalgae, and the intertidal mangroves. Only partially included in this study are photosynthetic bacteria (cyanobacteria or bluegreen algae), as the group is in dire need of revision and most records are unreliable.
As photosynthetic primary producers, the marine benthic fl ora, along with the phytoplankton and symbiotic zooxanthellae, form the foundation for the complex food web that occurs in all marine ecosystems. In addition to this essential role, the benthic fl ora provide habitat for numerous faunal and fl oral organisms, give structural support by consolidating reefs and contribute substantially 045-067 (2014 045-067 ( ) DOI: 10.18195/issn.0313-122x.84.2014 84
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to the sediment budget. Therefore they form a signifi cant component of all marine ecosystems. As sessile photosynthetic organisms they are also susceptible to environmental perturbation, particularly changes in water quality such as increased turbidity.
The raison d'être for collecting and studying marine plants is essentially the same as that for all biodiversity investigations: the accumulation of knowledge. Very little is known about the diversity and ranges of these organisms, particularly in remote areas as defi ned by the Kimberley Project Area. Elsewhere marine plants are economically important and some are used as food (e.g. Porphyra or 'nori'), as food additives, or in industrial processes. Several marine plants are also serious pests and have been introduced, accidentally or intentionally, to regions outside their native ranges. Once established, these pests are virtually impossible to eradicate so it is important the native flora are well documented and monitored for possible pest incursions (Huisman et al. 2008) . Some species (e.g. Undaria pinnatifi da or 'wakame') are not only economically important as a food source, but also serious pests outside their native ranges.
HISTORY OF MARINE FLORAL COLLECTING IN THE KIMBERLEY PROJECT AREA
Published historical records of marine plants in the Project Area are very scant. The voyages of discovery undertaken by British and French expeditions in the 1800s either rarely collected marine plants or, if they were collected, the specimens were not included in published reports. So although limited historical collections may be housed in overseas herbaria, these are not addressed in the present publication. WAM and the Western Australian Herbarium (offi cial abbreviation PERTH) have undertaken a number of surveys of marine fl ora in the Project Area since the 1970s (Table 1) . Surveys of the mangrove fl ora were undertaken in conjunction with bird surveys at 83 sites between Cambridge Gulf in the Kimberley and Shark Bay in the Gascoyne region of Western Australia between 1973 and 1982, with 14 species of mangroves collected from 25 locations in the Kimberley (Johnstone 1990) . In 1995, 12 species of mangroves were recorded at sites along the southern Kimberley coast (Hanley 1995) and 14 species were recorded in the eastern Kimberley (Saenger 1996) .
Five species of seagrasses were collected during the 1991 survey of Kimberley islands and reefs (Walker 1992) . Seagrasses were also surveyed along the southern Kimberley coast by Walker in 1994, where she recorded eight species of seagrasses and commented on the extensive seagrass beds at Sunday and Tallon Islands being the largest in the Kimberley (Walker 1995) . Only three species of seagrasses were recorded during the 1995 survey to the eastern Kimberley (Walker 1996) and along the central Kimberley coast in 1996 (Walker 1997) . As there was no overlap in the species a total of six species were recorded from these two expeditions. Huisman et al. (2009) recorded three seagrasses from the shelf edge atolls, but an earlier record of Thalassodendron ciliatum from Scott Reef by Walker and Prince (1987) brings the atoll total to four. Pike and Leach (1997) and Brown and Skewes (2005) recorded fi ve species of seagrasses at Ashmore Reef. In an earlier publication, Walker and Prince (1987) summarised the seagrass diversity in north-western Australia, recording a total of 12 species from the Kimberley, and none of the recent surveys have increased that number.
In a compendium of records of marine algae from northern Australia, Lewis (1984 Lewis ( , 1985 Lewis ( , 1987 included some 800 species, only nine of which were attributed to the north Western Australian coast, and of that small number none were from the Kimberley Project Area. Thus, until relatively recently, the marine algal fl ora of the Kimberley region was virtually unknown. Subsequent collections and publications have increased the number of species known (e.g. Phillips et al. 1993; King and Puttock 1994; Huisman 2002 Huisman , 2006 Leliaert et al. 2007; Leliaert et al. 2008; Huisman et al. 2009 ), but the greater proportion of recent collections remains unpublished. Expeditions to the southern (1994), eastern (1995) and central (1996) Kimberley recorded 72, 90 and 70 species of macroalgae, respectively (Walker 1997) . More recently, 117 species of macroalgae were recorded from the shelf edge atolls (Huisman et al. 2009) , and a survey of the benthic fl ora of Gourdon Bay and the Dampier Peninsula recorded one seagrass and 43 algal species (Table 1) , including one possible new species and two new records of algae for Western Australia (Keesing et al. 2011) .
AIM
To synthesise records of shallow water (<30 m) marine fl ora (macroalgae, seagrass and mangrove) species in the Kimberley region of Australia that are verifi ed by specimens lodged in herbarium collections (1880s-2009) and to provide commentary on diversity trends, taxonomic and collection gaps of the fl ora in the region.
METHODS
The Project Area encompasses an area west and north of the Kimberley coast (south of Broome to the Western Australia-Northern Territory border) extending beyond the 1000 m bathymetric contour, with the coastline forming a natural inshore boundary, as shown in Figure 1 (see Sampey et al. 2014 for a full description of the study area). Number of species of marine fl ora taxa groups sampled during main survey expeditions in the region and presented as reports. Number in parentheses is the number of locations. *Total number from report, but data not included in our species list as the tables were incomplete in the report.
The marine fl ora documented here essentially forms an artifi cial assemblage united by habitat rather than phylogeny. Included are 'higher' plants (seagrasses and mangroves, the latter also an artificial assemblage), algae (Rhodophyta, Phaeophyceae, Ulvophyceae) and blue-green algae (Cyanobacteria).
The methodology follows that outlined by Sampey et al. (2014) . Marine flora data were sourced from the PERTH database (data extracted February 2010) and the species lists presented in seven reports (Table 1; Johnstone 1990; Walker 1992 Walker , 1995 Walker , 1996 Walker , 1997 Hanley 1995; Saenger 1996; Brown and Skewes 2005; Huisman et al. 2009 ). Species lists for seagrasses and macroalgae in the 1994 survey report (Walker 1995) were incomplete and only 4 of the 22 stations were printed, but there were specimens lodged in PERTH that are included in our dataset. The marine fl ora recorded by the 2008 CSIRO survey along the Dampier Peninsula and Gourdon Bay (Keesing et al. 2011) were made available only late in the preparation of this dataset, so we have not included the species or locations in this present dataset. The specimens from that collection will be incorporated into the PERTH collection and database when resources are available.
Species names represent a hypothesis that is subject to change as new information (morphology, genetic, behaviour, distribution ranges) is discovered (Gaston and Mound 1993) . The species names and taxonomic placement of the records in the dataset were checked in an endeavour to present the currently accepted name and resolve synonymies and old combinations, but the specimens were not re-examined for this study (for full details see Sampey et al. 2014) . Species names were checked for current taxonomic placement and validity using a variety of online resources (ABRS 2011; Cowan 2011; Guiry and Guiry 2011;  The International Plant Names Index 2011; Western Australian Herbarium 2011) and relevant recent publications.
SPATIAL INFORMATION, COLLECTION DETAILS AND MAPPING
As described by Sampey et al. (2014) data from all sources were collated into a single database. Location and collection details were checked and verified. The location of the specimen records were visualised using ARCGIS v9, ArcMap v9.3 and outliers in particular were examined and the latitude and longitude corrected or the record excluded as appropriate. Maps of species richness and sampling effort were generated for each main location. Since species richness patterns are highly dependent on sampling effort, we calculated the number of collecting events at a location to provide an indication of relative sampling effort. A collecting event was defined by the season and year of collecting and the full list of locations, latitude and longitude and other relevant collection information is provided in Table 2 of Sampey et al. (2014) .
BIOGEOGRAPHIC AND HABITAT CODING
Species were coded for their known habitat and biogeographic range to provided extra information for researchers and managers.
Biogeography codes used were:
• Western Australian endemic (WA). Currently only known from Western Australian waters, often from the type locality only; may eventually prove to be a northern Australian endemic with more collecting effort.
• Northern Australian endemic (NA). Found throughout tropical Australian waters.
• Australian endemic (A). Found throughout tropical and temperate Australian waters.
• Indo-Australian (IA). Found throughout Australian and Indonesian waters, may extend to the Philippines and for some species Japan.
• Indian Ocean (IO). Restricted to the Indian Ocean.
• Indo-West Pacifi c (IWP). Found throughout the Red Sea, Indian and Western Pacifi c Oceans.
• Indo-Pacifi c (IP). Found throughout the Red Sea, Indian Ocean and throughout the Pacifi c Ocean.
• Tropicopolitan (T). Found throughout all tropical oceans.
• Circum-global (C). Found throughout all oceans in both tropical and temperate waters.
A species may be restricted to certain habitat types within its distribution range. The species in this dataset were coded for their preferred habitat, if known, as follows:
• Intertidal (superscript i). Species is found in the intertidal zone.
• Subtidal (superscript s). Species is found in the subtidal zone.
• Hard Substrate (H). Species is found associated with hard substrates (e.g. rock, coral, rubble).
• Soft Substrate (S). Species is found associated with soft substrates (e.g. sand, mud).
• Epiphytic (EP). Always found in an external association with a particular species of marine plant.
• Endophytic (EnP). Always found in an internal association with a particular species of marine plant, i.e. living within a marine plant.
• Unknown (U).
Combinations of these codes were used as appropriate.
RESULTS

NUMBER OF SPECIMENS IN COLLECTIONS
A total of 1431 registered specimen lots of marine fl ora were retained in this dataset (Table 2 ). These included green algae (353, 24.5%), blue-green algae (6, 0.5%), brown algae (284, 20%), red algae (502, 35%), seagrasses (107, 7.5%), and mangroves (179, 12.5%) ( Table 2 ). M any lots were excluded from the present dataset either because they were freshwater species collected in streams, waterholes or rivers in the Kimberley and therefore not relevant to our project, or because of incomplete identification (1,342 lots, Table 2 ).
Division
Common name Included Excluded 
TABLE 2
Number of registered specimen lots of Kimberley Project Area marine fl ora housed in the PERTH collections. Included are those lots that were identifi ed to species or able to be distinguished as a separate species and excluded are those lots that were incompletely identifi ed or from freshwater locations.
The oldest specimen records of each marine fl ora taxa in the region that were present as specimens at the PERTH were the grey mangrove, Avicennia marina collected from Roebuck Bay in 1889, the seagrass Thalassia hemprichii from Cartier Island in 1977 and the algae Halimeda opuntia and Hypnea spinella collected from the fringing reef at Cartier Island by K.F. Kenneally in 1977.
With interest in the region's fl ora only relatively recent, so far very few new marine taxa have been based on Kimberley type specimens, but this will change with the publication of a north-western Australian algal fl ora currently in preparation and including descriptions of at least 50 new species (Huisman, in preparation) . A Russian expedition in 1978 resulted in the description of a new genus and species of coralline red algae, Rhizolamellia collum from Scott Reef (Shevejko 1982) , and the species Liagora walkerae was described from Cassini Island by Huisman (2002) .
SPECIES RICHNESS AND COLLECTING EFFORT
A total of 308 species of marine flora were recorded in our dataset for the Project Area. These included green algae (88 species, 28.5%); blue-green algae, (6 species, 2%), brown algae, (39 species, 12.5%), red algae (145 species, 47%); seagrasses (12 species, 4%); and mangroves (18 species, 6%); Table 3 ). These proportions are relatively typical, with the red algae the most speciose, followed by the green and brown algae. No mangroves have been recorded from the offshore atolls in the Project Area as suitable habitat does not occur. 
FIGURE 1
Location of records of marine fl ora in the Kimberley Project Area, Western Australia. The Project Area boundary is marked in grey. Map projection: GDA94, Scale: 1:6, 250,000.
Marine fl ora data are available for 116 locations in the Kimberley Project Area (Table 4 , Figures  1-3) . Species richness ranged from 127 (at One Arm Point) to one (at 17 coastal locations) (Table 4, Figure  2 ). Collecting effort was highly variable with 33 collecting events occurring at One Arm Point and one event at 77 locations (Table 4, Figure 3) .
The number of fl ora taxa collected at any location was also highly variable. All floral taxa (bluegreen, red, brown and green algae, seagrasses and mangroves) were collected at only two locations, One Arm Point and Sunday Island (Table 4) . A single fl oral taxon was collected at 56 locations, red and brown algae at two locations (e.g. Salural Island and Hedley Island respectively), green algae and seagrasses at seven locations (e.g. Browse Island and Allora Island respectively), and mangroves only at 38 locations (e.g. Boongaree Island, Table 4 ).
More species have been reported from the Kimberley coast (inshore, 241 species) compared to the offshore atolls (124 species, Tables 3, 6, 7). Only two species have been recorded from the midshelf (Browse Island). However, collecting effort is also substantially different for these areas of the shelf, with more collecting of marine plants along the Kimberley coastline compared to the offshore atolls or midshelf (81 collecting events versus 7 and 2 respectively, Table 4 ). Composition of the fl ora also varied across the shelf, with 185 species found only at inshore locations, 68 at offshore locations and 56 species at both inshore and offshore locations (Table 3) .
BIOGEOGRAPHY
The majority of the species at both inshore and offshore locations were widespread Indo-West Pacifi c (IWP) species (102, 42% inshore, versus 41, 33% offshore, Table 5 ).
Endem icit y was much h igher along the Kimberley coast than at the offshore atolls. The proportion of endemics (all categories WA, A, and NA) along the Kimberley coast was twice the proportion of endemics at the offshore atolls (11, 5% inshore versus 3, 2.5% offshore, Table 5 ).
The majority of seagrass species were IWP (10 species), one tropicopolitan species and a single endemic, Cymodocea angustata Ostenfeld, 1916 . The majority of mangrove species were wide ranging IWP (14 species), 3 species were IA, the only marine fl ora taxa in this category, and there was a single northern Australian endemic species, Excoecaria ovalis Endl., 1833 (Table 3) . Marine Plants
Species richness of marine fl ora for each main location. Map projection: GDA94, Scale: 1:6, 250,000. 
Marine Plants
FIGURE 3
Number of collecting events for marine fl ora at each main location for which there are collections. This was based on a count of the season code and provides an indication of sampling effort. Map projection: GDA94, Scale: 1:6, 250,000. 3. Much of the species diversity, particularly in the red algae, is due to the essentially microscopic epiphytes. These generally cannot be recognised while collecting, and only become apparent when larger species are examined in the laboratory. As a result, records of these species can be erratic and possibly not comparable between locations.
4. Many specimens cannot be named for a variety of reasons. Identifi cation of many of the red algae requires reproductive material, and in most cases this cannot be assessed while collecting. It can, therefore, be a matter of luck if suitable material is collected. DNA sequencing assists this process considerably, but can only provide identifi cation if a matching sequence of a reliably named specimen is available for comparison.
The marine fl ora of the Kimberley Project Area
has not yet received the attention enjoyed by some faunal groups and has only relatively recently been collected and studied in any detail.
Given the above overarching limitations, it is almost impossible to recognise diversity patterns that are not compromised in some way, and the following broad discussion is perhaps most useful in highlighting collection gaps, both geographical and habitat.
SPECIES RICHNESS PATTERNS
A summary of macroalgal species richness for various regions in the Indo-West Pacifi c was given by Huisman et al. (2009: Table 3 ). The present dataset records 278 species, an increase on the number of Kimberley species recorded in that publication, but still undoubtedly an underestimate given the large number of excluded lots. Currently the first author is compiling an algal flora for tropical north-western Australia, anticipated to be published by the 'Australian Biological Resources Study ' in 2015 (Huisman, in preparation) . This publication will document the northern Gascoyne, Pilbara and Kimberley marine algal fl oras including full descriptions and illustrations of all red, green and brown algae from the region. The manuscript includes some 413 species (262 red algae, 55 brown algae, 96 green algae) of which approximately 50 are new species. These new species are not represented in the present dataset. Verheij and Prud'homme van Reine (1993) recorded 452 species for Indonesia, and given the proximity and comparable range of habitats, the Project Area algal fl ora is likely to include a similar number.
Over the last two decades, the relatively static numbers of seagrasses and mangroves recorded for the region suggests that the known diversity is an accurate assessment of the fl ora. These groups do not include any inconspicuous taxa and are relatively taxonomically stable (at least for the Project Area species), so regional scale changes to the recorded diversity are unlikely. Compared to the macroalgae, for seagrasses (12 species) and mangroves (18 species) the diversity is low, but these groups are generally conspicuous and can dominate particular habitats. Relative to other Indo-West Pacifi c regions, the north-west seagrass diversity is the highest recorded (Walker and Prince 1987: Table 5 ).
Worldwide, some 72 species of mangrove are known and more than half of these can be found in Australia, where almost 18 per cent of the coastline is lined by mangroves. Western Australia supports approximately 2,500 square kilometres of mangroves, of which about 75 per cent occur in the Kimberley (Duke 2006 ). The present dataset includes 18 species for the region, one less than the number recorded by Duke (2006) . This diversity is less than that known for north eastern Australia, but the region's mangroves occur in a diverse array of habitats, and are nevertheless of great conservation signifi cance (Cresswell and Semeniuk 2011).
The Project Area includes seven IMCRA mesoscale bioregions (Commonwealth of Australia 2006) and therefore encompasses a variety of habitats, from sandy shores to offshore reefs. These regions were defi ned using biological and physical information, including the distribution of demersal fi shes, marine plants and invertebrates, seafl oor geomorphology and sediments, and oceanographic data (Commonwealth of Australia 2006). At this scale, the largest disjunct in the Kimberley Project Area marine fl ora is between the inshore islands and reefs and offshore atolls. The diversity of the offshore atolls is markedly lower, with some groups (such as mangroves) and genera (such as the brown alga Sargassum) absent entirely. Lack of suitable habitat can explain the absence of mangroves, but it is unclear why Sargassum, easily the dominant alga in the inshore Kimberley, is absent from the atolls. Studies by Schaffelke (1999) and Schaffelke and Klumpp (1998) on eastern Australian Sargassum species have demonstrated their increased growth with nutrient pulses and their use of particulate matter as a nutrient source. Perhaps the offshore atolls are too far removed from land derived nutrients. Clearly further study is needed.
Species diversity can also be expected to vary within regions, as it is highly dependent on fi ner scale habitat variations. For macroalgae there are numerous examples of sites dominated by algae and with a high species diversity (usually intertidal/shallow subtidal reef fl ats), and also of others almost devoid of algae (usually moderate to deep subtidal, often with high turbidity). The habitat factors driving these fi ne scale variations cannot be assessed from the present historical dataset, but current and future WAM expeditions will assess a greater variety of physical and biological parameters.
COLLECTION GAPS
The Kimberley is a vast, remote wilderness. The limitations on marine collecting are numerous, including physical (tides, accessibility, turbid water, harsh climate), biological (sharks, crocodiles), fi nancial (travel, boat charter), and health and safety (limited dive times). As such, it is inevitable that some areas have not been surveyed fully, if at all. Some, such as Ashmore Reef and Cartier Island, were visited by WAM prior to the participation of a marine botanist, and therefore represent signifi cant spatial gaps in our knowledge of the marine fl ora. Certain habitats are equally under represented. Some, such as the deep seafl oor, require specialised dredging equipment that can generally only be accommodated on dedicated surveys. Others, such as the subtidal inshore, are unlikely to be sampled due to safety concerns.
Of these gaps, those that can feasibly be sampled will be targeted during current WAM expeditions.
ENDEMISM
The present dataset records endemism at between 2.5 and 5%, but this is an underestimate as it does not include undescribed new taxa. Huisman (2011) estimated endemism in the north-western Australian macroalgal fl ora at approximately 10%, which encompasses all the taxa to be described in Huisman (in preparation) plus a few previously erected species and genera. This percentage is low relative to those recorded for the temperate southern Australian algal fl ora, which Womersley (1984) gave as 30% (green algae), 70% (brown algae) and 75% (red algae). This disparity is to be expected as many tropical species are broadly distributed, particularly in the Indo-West Pacifi c, and temperate regions typically have a greater proportion of endemic species. However, our documentation of this flora is still a work in progress and many specimens remain unidentifi ed, this group including the more 'diffi cult' taxa. As such, an accurate assessment of endemism can only be made once all the specimens are identifi ed. Whether these taxa are truly endemic will require considerable work, including collections from further north in SE Asia. Assessing endemism in the marine fl ora is a diffi cult process and we should heed the cautionary words of Kraft (2007) , who stated, 'Determining actual endemism among marine algae, particularly subtidal ones, is a greater challenge than it is for most terrestrial taxa, and claims made for the uniqueness of a region based on its number of endemic macroalgal species can easily prove not to be justifi ed'.
FUTURE DIRECTIONS
The present dataset has highlighted several areas that are underrepresented in the Western Australian Herbarium's collection of marine algae, in particular. Filling these gaps during current WAM expeditions is therefore a high priority. Of comparable importance is the identifi cation of the 1,342 (or close to 50%) of the Project Area specimens, which were excluded from the present assessment due to their incomplete identifications. These specimens potentially contain useful information about the marine fl ora of the Kimberley Project Area. Identifi cation of these specimens is an ongoing task of the fi rst author, but is a huge undertaking, which might consume his whole working life, and then some. Taxonomists regularly highlight dwindling resources and the lack of support for their work, and this malaise is true for marine fl oristic studies. Continued (or some!) funding support for these studies is essential.
Equally important is the incorporation of DNA sequencing as a tool enabling a greater degree of confi dence in taxonomic studies. During recent WAM expeditions, specimens were curated specifi cally for DNA sequencing and it is envisaged that this aspect will continue to be a high priority during future expeditions.
Assessing distribution patterns amongst the marine fl ora, and the marine biota in general, will be greatly enhanced by the collection of targeted environmental data. Particularly relevant to the marine biota would be the assessment of the nutrient status at each site, plus detailed data on habitat and geomorphology. These data could feed into large scale biogeographic analyses for example, looking at the species occurring in the various IMCRA bioregions. At present, and highlighted by the gaps in the present dataset, this cannot be undertaken for the marine fl ora with any degree of confi dence.
